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5. Outline

d GEM principle

 Large-area GEMSs in experiments
U EIC detectors
O CMS forward muon upgrade

1 R&D on large-area GEMs for EIC

d Construction techniques
U Prototype designs and performances

1 Outlook
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GEM Principle

Florida Tech

: 2] Typical dimensions:
Triple-GEM 2 Y A Y S D = 70um
"~ s = = == d = 60pum
detector (E Detector volume filled with & & » o p = 10pm
Q e.g. Ar/CO, 70:30 gas mixture Drift Y Y Y ™Y a b
1 o Cathode , SRR ;- 7
I co Drift Gap t / - —e e o
2 Gas Electron Multiplier [F. Sauli, NIM A386, 531 (1997)]

= GEM Micro-pattern gas detector (MPGD)

®

0
Transfer Gap w
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- ...
Q
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300-500V (on each GEM)

— Primary . -
lonization Drift E field

P

Transfer Gap
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‘ A0 i Readout
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ReadOUt —— Efield line Transfer E field
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CMS GEM upgrade TDR
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m Fange-area GEM Uses @%

Florida Tech

Examples in Nuclear and High Energy Physics:

 ALICE

— TPC upgrade

« CMS
— Forward muon upgrade

 PRad
— XY tagger for calorimeter

Super Big Bite
— Main tracking

GEMs are usually considered

EIC detectors “large” if they are > 1m long.
— Forward tracking

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL A



agerGENS for EIC Detectors @%

Florida Tech

All proposed EIC detector concepts feature a form of
large GEM tracker at forward and backward rapidities:

ePHENIX

R&D effort dedicated to EIC forward tracking since 2011
Florida Tech & U. Virginia (eRD6), Temple U. (eRD3)

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 5



CMS Ferward Muon Upgrade @%

Florida Tech

Large GEMs were originally developed at CERN
for the CMS forward muon upgrade project:

« R&D program 2009-17 (with Fl. Tech participation)

— Mastering of single-mask etching of Cu-Kapton base
material made GEMs larger than ~ 30 cm x 30 cm feasible

— Mechanical stretching and assembly of GEM foils makes
Internal spacers obsolete & allows re-opening of detector if
needed (no gluing).

— Ten full-size GEM detectors installed in 2017 (slice test)

« Technical Design Report for GEM upgrade in first
muon station for High-Lumi. LHC approved 9/2015

« Currently preparing mass production of 160 GEM
detectors & second TDR for two other muon stations

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 6
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Florida Tech
Purely mechanical assembly and GEM foll stretching:
pull-out nost w"'f“id
O-ing (steel) oy Polyurethane coating
(viton) [NUVOVERN)
™ Panasonic Connector
Readout board Readout PCB
®__ Readout strips
(copper)
o (tin + lead + silver} 3 Iarge
GEM foil .
S " - e (AP'CAT+(0W€I) GEM fO|IS
b C s in a stack
___ ;‘; Silver glue 10 M0 SM resistors
‘ [EPO-TEK H20E) (alumina substrate) NO SpacerS
=~ Drift electrode .
? DOArg (copper) D“ft PCB
Gas inlet/outlet Sping loases! caatact i \ PCB
(polyamide reinforced P (epoxy DE1S6)
e o Through-hole insert (s;;e:zs :xz‘ﬁmmm + 8% nickel)
(nickel-plated brass) X solder
(60% tin + 40% lead)
CMS GEM TDR (CERN LHCC-2015-012)
3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 7
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> wr Taw T @ @F s 2 ar  ar  ae  me -
« “GE1/1” GEM subsystem inregion 1.5<|n| <2.2 &'~ 7 7 U T T T T e
o CSCs
H H 7 M RPCs | 1.3 305°
« 100 trapezoidal triple-GEM Superchambers (2 ch.) Wineer o  oews |
o 1.4 27.7°
« Long and short versions (1.5 or 1.6 < |n| <2.2) '4 ) s sz
5 16 28°
« 36 superchambers in each endcap = {7207
 — = Dt
| Solenoid magnet - 20 154
e e —— = 21 140
> = i : R . - 22 128
Yo . : I} i o | o 24 toa
Endcap o C 4 N -
1 _EcAL |

Station 1

CHAMBERS
(PER SIDE)

T
ORT AND LONG SCs -
tonio Conde 15/10/2013

Installation planned for 2019
3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL



Commissioning
currently ongoing:
- Gas, HV on

- Electronics
powered

—1 /1

Endcap
Station 1

3/9/2017 . Hohimann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL



:} EIC GEMIR&D;: Construction @%

The three eRD3/6 FT groups are investigating
different detector construction techniques:

« Constructing detector purely mechanically &
without any spacers as in CMS (Florida Tech)

* Gluing stretched folls to FR4 spacer frames
that are then mechanically assembled (U. Va.)

* Gluing entire detector and inserting kapton
rings between GEMs as spacers (Temple)

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 10
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High strength material

frame

A

__ Bolts and O-ring to spacers
B seal the chamber /\

Light material G10 as
GEM support frames

]
Example: Exploded 3D view of PRad GEM design
Before framing & Gluing After framing & Gluing

Entrance
Gas window

Cathode

Top Block:
Entrance
window & Drift

GEM1

GEM2 Framed GEM1

GEM3 Framed GEM2

Readout Framed GEM3

support
Block Readout

& exit Gas
window

Exit
Gas window

Chamber's characteristics

. Low material in active area

« No honey comb support
but keep spacers

« Light material for GEM
frames

. High strength material for
external support frames

. Bolts & O-ring to seal the
chafoyeesy Kondo Gnanvo, U.Va

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 11



ASSEMBIyAWIth Glued Frames (Temple) %

Florida Tech

o Temple will assemble their EIC triple- gl
GEM prototypes by: |
~» Gluing the foils to the frames.
» Forming the GEM stack by gluing |

the frames.

o This method avoids having to use

bolts to keep the stack together. e
o In order to help alleviate dead material, Kapton rings are

being investigated to be used to separate the GEM layers
rather than spacer grids. Spacer grids will be used if Kapton
rings don’t work.

Kapton rings:

» Perforated walls to allow for gas flow

» Inner diameter of 50.8 mm.
» Wall thickness of 0.127 mm.

» Cutinto lengths Dfpgmm and 3mm.
Designed to have all HV, HV

FE, and gas connections &2

. =3
on outer radius. RIO

PV

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 12



b NEIC GEM R&D; Readout @%
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The three eRD3/6 FT groups are investigating
also different signal readout techniques:

« 2D-readout with U-V strips (U. Va.)
« 2D-readout with R-¢ readout strips (Temple)

« 1D-readout with radial zigzag strips that
minimizes the number of strips and electronic
channels to minimize cost while maintaining
good spatial resolution (Florida Tech)

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 13



dout Prototype (U. Va.)

Florida Tech
UVa EIC-FT-GEM proto | U-V strip Readout design

variable length of the U strips of top layer
-200 mm

= Trapezoid shape 1-m long triple-GEM (3-2-2-2): widths at the inner
radius and outer radius equal to 23 cm and 44 cm respectively.

= Readout board: 2D flexible U-V strips (COMPASS style) with a pitch
of 550 ym, top layer (140 pm, wide U-strips) run parallel to one I
radial side of the detector and bottom layer (490 pm, V-strips) run
parallel to the other side and a stereo-angle of 12 degree

Efficiency Mean cluster size
Average AV across the GEM foils [V] Average AV across the GEM foils [V]

340 345 350 355 360 365 370 375 380 340 345 350 355 360 365 370 375 380

§ ':__] T T T T T T T g 4; T T T T T T T T
Zg F 2 asf|—e top strips
= - e -
;0.8 I_ 8_ E —=— bottom strips /
: g 3F
0.8 —n = -
s s
0.7 «— top strips: 2 5 = o g 2'5:'-
E ! —-e—- Dottom strifls: @ 5 x o g - -_,,‘
0.6 :_ —— fop strips: 3xo g 2:— - 1000 mm
6 E_i/" —a=—- bottom strifls: @ 3 < & :\% 1.5 :_-___-___._,-0-"-
N S TP TR TOT FUT T Liaal B T U PO T TP Lot resolution in x (radial) and y (azimuthal)
3800 3850 3500 3850 4000 4050 4100 4150 4200 3800 3850 3900 3950 4000 4050 4100 4150 4200
HV applied on the divider [\V] HV applied on the divider [V] — 130 650 —
£ C =
. ~ = =9 C - &
Correlation between strip length and pedestal RMS noise =120 600 —
= - >
o | . i.l.. P % Y% — 10l v ¥ ~ o —
g 0: e '.:.. o .‘cﬂ 0: ’ 0110___ Is50 ©
5 . L e - Y ey St S = 3
8 9 Arae Jeeaen Re 8 - 5
(6] E AL AR L R AR O 100F s00
a) R R YO gt s E =
< % p P R s - ]
0 F P e T, 0 ul >0
E 4 bj. :.:& 38 b Ees £ 90: :450
g *ig - ¥ ks E E
3 6f . 2 5 80F 4400
g | a8 g 3 : E
o E o o £ 2 o -
5 s- Bottom layer 70 Jaso
REn Top layer : i A : ! _ _ . k
P S T T T Iva (IR o e Loty P 1 =SO TN Loaiil, PN PRV I e s VU W T PYe) TP EPEPEPIFN EPPIPI U PEPEPIP PEPEPE BRI rr
-200 -150-100 -50 O 50 100 150 200 -200 -150 100 -50 0 50 100 150 200 0 1 > 3 4 5 5 7
Strip position (mm) Strip position (mm) Run number (beam position)
Courtesy Kondo Gnanvo, U. Va. NIM A 808 (2016) 83-92 7

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 14



REP-StriprReadout Design (Temple) @%
Florida Tech
2D strips in R and ¢ coordinates. Implemented as strip-pad design with vias.

o Active layer is in blue:
» Lines at constant angle.
» Pads at constant radius.
Routing layer in orange:
» Each line is read out separately.

» Pads at each radius are connected.
o 300-800 micron pitch design.

Based on
STAR FGT

—

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL
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Florida Tech

Produced zigzag strip PCB

WML

T N

« CMS GEM detector equipped with a readout with
radial zigzag strips on a PCB T :
* Number of strips and readout channels are (e » \Sectors
reduced by factor 3 relative to CMS readout - I, e
 Zigzag strips cover radial range R= 1.6 - 2.6 m in 8 eta sectors
« Azimuthal strip angle pitch of 1.37 mrad; 128 strips per sector
 Prototype tested in beam at Fermilab (2013)
» Performance: Angular resolution of ~193 prad (362 uym at R = 1.88 m) NIM A 811 (2016) 30

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL s




"t- EICGEM R&D: Mult. Scattering @%

he three eRD3/6 FT groups are investigating
methods to reduce overall detector material:

 Remove or reduce Cu on GEM folls (U. Va.)

* Replace solid drift and readout PCBs with
carbon fiber composite frames (Florida Tech)

Reduces multiple scattering of tracks in the
GEM detectors. Helps with:

« matching electron tracks to EM cluster

« seeding RICH ring reconstruction from
incidence of hadron tracks on the RICH

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 17



« Adjust the GEM detector geometry to accommodate
the geometry of an actual EIC forward tracker:

R =8-98 cm radial coverage
A = 30.1° azimuthal coverage

* EIC R&D group designed a 1-m scale common

GEM foil, which satisfies the requirements of all three
assembly techniques to save cost

« 8 GEM folls were produced at CERN and delivered to
Florida Tech and U. Va.

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL

F ElCGEM R&D Next Prototypes @%

Florida Tech
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Geometry e

Florida Tech

Design for an

EIC forward tracker disk
composed of 12 such
trapezoidal GEM detectors

|
926.50
W, !
30.00°
~—— I‘ ~}- 550 A‘| Active areas of chambers overlap
TN 98910 due to 30.1° chamber design.

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 19



GEM Foil Design @%
Florida Tech
 Foil width (at the large R end) is limited to
560 mm due to material limit of 610 mm
A [ 11 « 25 mm margins needed for foil production
LR '| o . « Trapezoid with a length of 903.57 mm,
i widths of 43 mm and 529 mm (active area).
» Active area is divided into 8 HV sectors in R
direction at inner R and 18 HV sectors in
azimuthal directions at outer R. Reduces
energy of any potential discharges.
« Each HV sector is ~100 cm? and gaps
between sectors are 0.1 mm.
* HV connections are made at wide end

.i:l!l II'
o

S
S
N~
L0
™
o
(o))

30.1°
opening

< >
560 mm (available design width)

610 mm (base material)
3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 20




« Stack of 5 foils (3 GEM foils, 1 drift foil, and 1 readout foil)

* No spacers

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL



5-foll stack

Exploded assembly view

Assembled detector

Mechanical support structures are outer frames with windows (e.g. aluminized mylar foil, not
shown here) instead of solid PCBs to reduce radiation length in the active area

Frames are made from carbon fiber composites that have high strength to take up the
tension from the stretched foils

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting,



3/9/2017

Carbon Fiber Composite:

» Araldite epoxy (AY103)

* Intermediate-modulus uni-directional
carbon fiber (“IM77”)

» 8layers

* Produced in-house

Raw full drift frame before trimming

M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL

Trimmed quarter-frame (test piece, 175 Q)

219



NOREIneanty off Eirst Zigzag Readout

Florida Tech
2D stage and highly collimated X-ray gun at BNL Reconstructed position vs. X-ray position (azimuthal)

—— Scan at small R

—=— Scan at middle R

—— Scan atlarge R B

Centroid mean [mrad]

= 11 | 11 1 1 | 11 1 1 | 1 111 | 111 1 | 11 11 | 11
0 0.5 1 1.5 2 25 3
Xray position {not smeared} [mrad]

|
35 4

45

Scans across strips at 3 different radii

i gy S

* Overetching of tips and underetching of valleys
of zigzag strips creates “spines” along strip centers

 GEM avalanche induces signal only on single strip

» Without charge sharing among adjacent strips:
» Readout is insensitive to hit positions
near the strip centers
» OQOverall spatial response is non-linear

« Spatial resolution degrades
3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 24



IMProVediZigzag i Strip Readout Design &

Florida Tech
Zigzag strips interleave almost all the way to centers of both neighboring strips:

Industrial CERN
PCB Foil
(10x10 cm?) (10x10 cm?)

ACE Board #2 Left CERN Board Left
Interleaving: 1-(0.15/2)/1.24=94% Interleaving: 1-(0.13/2)/1.22=95%
Copper thickness: 9 um (1/4 oz) Copper thickness: ™~ 5 um

» The design pushes the PCB manufacturing limit since spaces are below 3 mils (76 um)

* Produced a foil readout board at CERN to verify that there is no problem with producing
high-quality zigzag strips on a large-area kapton foil at CERN

« Same design is implemented on large 1-m zigzag readout foil being produced at CERN

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 25



d Linearity

Florida Tech
Mean centroid measurement vs. X ray position (scan across strips)
Prewous zigzag design New board (same angle pltCh)
g - x2 / ndf 1.553 /48 f T = | —e— Strip multiplicity > 1 o
E C p0 -30.08 + 0.9072 E, 40 E_ ...... Stl’lp mulllpllCIty o [ .
E 45_ ........ p‘l 0_8534i 0_01763 ......................... JE SO BSOSO o B S i i L.
5 % a0l —a— Strip multiplicity =3 |
S R RN NN NS SO NN NN UD”of WU NN N S 8 I
- — [
8 350
MRS TS WSAYS SUNS 5197 NS TUNVINS WA NS WOSE WSS DUSSNS WA
2_53_ ...........................................................................................................
2l ml I50I I I5|0.|5:I I51 51 I5I :|52I I I5|2 1.5I I I53I I I5|3 I5I I I54 I 7:5 75..5 76I I |7|6.5H I |77| I I7|7.5H I I78| I |7I8.5H I ITQI I I7|9.él I IBOI -
1 | X lay position in X dnrectur [mm] X ray position [mm)]
1
I
old design new design
Flat regions insensitive to hit positions. * Linear response over whole range

« > 95% events fire 2 or 3 strips.
3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 26
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Measured resolutions for improved zigzag-strip readout boards:

Spatial Approx. Strips with angle pitch Strips with angle pitch

resolution gas gain 4.14 mrad, r = 229 mm 1.37 mrad, r = 784 mm

(l-‘-rad / IJ-m) 2-strip 3-strip 2 & 3-strip 2-strip 3-strip 2 & 3-strip
clusters clusters clusters clusters clusters clusters

Industrial PCB 3340 3000 288/ 66 480/ 110 384 / 88 57 /45 97 /76 84 /66
CERN foil 3340 3000 397/91 393 /90 397 /91 - - -

CERN foil 3380 4000 - - - 57 / 45 92/72 71/ 56
Previous PCB - - - 193 prad

Linear resolutions (well) below 100 um

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 27
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Sec. | Strip No. of Sector
Nr. type strips Length

(cm)

[ o B -~ ]

rHet=pot snepc ¢ Readout connectors (Panasonic 130-pin)

Straight 128 4.14 12
Zigzag 128 4.14 12

Zigzag 384 1.37 22
(3%x128)

Zigzag 384 1.37 22
5 Zigzag 384 1.37 22

Adopt the improved zigzag strip design but

use straight strips in small innermost sector 1
Divide readout into 5 main eta sections

Produce r/o on a foil material (<200 um thickness)

so that total material in detector is reduced

Total number of channels is 1152 (=128*9)

Sector 2 Only 9 APV chips to read out the full detector
> Foil is a 2-layer design; signal routing from strips

to connectors for APV front end was a challenge

Sector 1 30.1° Foil currently in production at CERN
openind . Expect delivery by end of March 2017

angle

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities: RHIC Spin Meeting, BNL
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 Large-area GEM detectors have become quite popular
with a diverse set of experiments

« Active EIC forward GEM tracking R&D since 2011
» Conceptual design for full EIC FT disk

Built a common 30.1° GEM fall

Developing & testing different assembly methods and readout designs

Second round of full-size prototyping in progress

Planning tests with X-rays and possibly beam in 2017

* EIC Forward Tracking R&D readily applicable to
RHIC detectors for forward spin physics

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 20
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Thank you!
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 GE1/1 creates a large lever arm
with the CSC ME1/1 chambers

L1 Trigger Rate [kHz]

107

107

— Enables precise measurement of

— Much improved Level-1 trigger
momentum resolution and lower
rates in otherwise a problematic

GE

muon direction

region of the detector

PU 50 14 TeV

CMS Phasell Slmulatlon

X3 reductlon - Q

L1Mu (standalone) ,
| i

3/9/2017

20 30 40 50 60
LT muon P, threshold [GeV]

6 78910

M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL

/45 Muoen Measurement

GEM-CSC Bending Angle
T T
Odd ("far") chamber pairs  1.64<lInl<2.14

GMS Phase-2 Simulation Preliminary
LI L LA B BB B

—muonp =5 GeVic

—muon p_= 20 GeVic

0.005 0.0 0.015 0.02 0.025 0.03

AO(GEM,CSC) [rad]

|

. |

|

soft muons arriving to L :
YE-1/1 from IP are "bent” 20cm : ’
by the magentic field :(] 46 cm = % J

Florida Tech
GEM v CSC
, © |
magnetic [ 38 [
Il | K-35 |
fieldB [+ = |1
— M| o
| i ‘ 1 \.v‘,lr nm
R | |
4_|P P, 20 GeV/c ][ }/_ { 1 Z
} : : 5 fFmm
I |
| [
| 1
|
|

>

i
u \‘
\ﬁ ]

QW%O
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» The U. Va group has assembled and tested a 1-m long triple-GEM detector equipped
with 2D stereo angle (U-V) strips.

» Assembly method: glue foils to frames that are held together to with screws.

» Resolutions of 60 urad in azimuthal direction and better than 550 um in radial
direction are achieved.

variable length of the U strips of top layer
<200 mm

1000 mm

Ref.: NIM A 808 (2016) 83

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 212
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Florida Tech

« Scanned 40 cm x 40 cm GEM foils from commercial supplier and small CERN foils
with an automated CCD camera setup. Currently upgrading CCD scanner so that
large GEM foils can also be scanned.

Tech-Etch (40x40 cm?)

) | Mean=517um ..

o jl Sigma = 2.0 um =7 :
~ CERN (10x10 cm?) i \
i | Mean = 58.8 um Jl \ — NIM A 617 (2010) 196-198
" || Sigma=19um * \ region 1
| r R R o R NIM A 802 (2015) 10-15
‘ ; \ Example: Inner hole diameter distributions
'EI-:-t:l_u&jllk_Ju-x

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 24
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Florida Tech
1
Readout |i|§
module Y) APV chip
Pressure
/ volume
] \’\VI
Terminator 4
board :
HV board
< 2D readout
% | ot
i Interconnect
GEM layers (1-3) oard
Pressure HV layer

volume
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ZIgzag|Strips Hlorida Tech
-> Type A has been tested in our previous prototype (arXiv:1508.07046), type B will be chosen for

the next prototype. The reason is: type B design gives better charge sharing and shows less
non-linear response.

Electron cloud size: 400> 400 micron(s)

ALAALAAAMAALL

4 4.5 5 5.5 6 6.5 7 7.5 8

Ef v v o o o o s e

Picturg size: 10x10 mm? [l X-pitchy 2.00 mm; Y-period: 500 mm
1
1

I"-—‘—

———

Picturd size: 10x10 min? e X-pitchy 2.00 mm; Y-period: 500 mm

<
L
e

LALLAARRLLM]

n

_— e

xgenerated ’ [m m]

Simple model simulation results %courtesy of Alexander Kiselev, BNL) _ _
3/9/2017 M. Hohimann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 26
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Neighbor strip centers

Z
e)
()]

— >+
<
©
()]

(99)
I|IIII|IIII|IIII|
1] £y, 3

Figure by A. Ataei

J<””"
R step g

- /‘ T . :
| | Start R ~~ i\\f\ . Qngle e
1 | I iy

I
I L] L] I L] L] I L] L] I L] ] L] ] I ] ] I ] ] I ] L] I ] L] I l\
o L — T L) L — L o L ot
— = = i o F*a, O<F<1

-> Four parameters to construct a zigzag strip: a, F, startR, stepR.
-> Two types of zigzag structure can be made: (1) type A, a zigzag strip not exceeding
the two reference lines; (2) type B, a zigzag strip covers centers of the two neighbor

strips.

3/9/2017 M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL 27
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Centers of strips Reference lines
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31 32 3:

30
Y (arbitrary unit)

Florida Tech
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Chip Carriers Wi :
o> Scalable Readout Unit
(large-size system)

DAQ LAN (small/

2 R medium size syst
W (HOM, optical* PCIE connectors e syseny

Ref.: 2013 JINST 8 C03015

Figure 4. Front-end hybrids: 1) APV25, 2) VFAT2: A — Micro-HDMI connectors (Type-D): Bl — APV25
ASIC with top-globbing protection: B2 — VFAT2 ASIC wire-bonded: C — detail of the microvias used
for the high-density wire-bond region: D — RDS51 detector connectors (Panasonic); E — spark protection
circuitry; F — power regulators; G — via array for the low-ohmic ground connectors.
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Sighalreuting fram readout strips to S
conn eCtO IS Flor;la Tech

| dx= F 71159 e
] 857278

s Hot oS oo > Connectors for APV chips

« Signal lines are blue (top side)
* Zigzag strips are red (bottom side)
« Connection made with vias
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Optimization of the zigzag strip readout design — X ray scan results
Resolution studies with CERN board for
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Optimization of the zigzag strip readout design — Results of X-ray scans at BNL FIT
Mean centroid vs. X-ray position
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* Angles between U-V
strip is 12 deg.

« 20 APVs (2560
channels) to read out a
detector.
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Test on a small 10x10
triple GEM prototype

Contact of U and V
strips on either side of
the R/O foil

Small GEM pro
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Cluster size: top (

U-) strips

50
chd
3
(@]

Distribution of pedestal rms (noises) over 512 APV25

45F
40F
3s5f
30E
25F
20F
15F
10F
5¢

1

2
5 180
[=3
&

@ 2500
=
3
& 2000
1500
1000
500

0

%] F °2
£ 16001 § Entries 512
3 14000 _ o Mean 3.781
(&) 1200; EICGEMX_clusterSize RMS 0.739
1000; Entries 4769 co ss
F MPA
800 .
sool Mean 3.503 readout
i RMS 1.943 standard
400F connection
200~
C caa e el
O0 2 4 6 8 10 12 14 16 18 20 5 6 7 8 9 10
# strins with hit in cluster Pedestal noise (in ADC units)
Cluster size > 3.5 = _
Cluster occupancy on top ( U- ) strips
improvement in spatial € 1400
o
. o 120 -
resolution 100-
80;—
bad zebra 6o
contact 401
20
U-V readout: Cluster position map\ith X-ray 0_ T ;
z -40 20 0 20 40
Reconstructed cluster position (mm) X
E ra
>C' Average cluster's ADC on top ( U-) strips y
£ -
o L
B -
2 I
Q L
3 E
= n
= C
Q _ -
I I N L 1 L 1 i L 1 1 1
40 20 0 20 40 0 20 o 20 40
cluster position in X (mm) Reconstructed cluster position (mm)
3/9/2017

M. Hohlmann, Large GEM Detectors for Tracking at Forward Rapidities; RHIC Spin Meeting, BNL

512
3.985
1.195

Entries
Mean
RMS

U-V strips
readout
zebra
connection

2 3 4 5 6 7 8 9 10
Pedestal noise (in ADC units)

Cluster occupancy on bottom ( V- ) strips

» Pedestal noise level
comparable to standard

COMPASS 2D readout

= No effect of the zebra

connection on noise

level

Occupancy for U and
V strips: Linear
dependence with

strip length is shown

;

-40 20

40

Reconstructed cluster position (mm)

Average cluster's ADC on bottom ( V- ) strips

}

Uniformity of the gain
uniformity:
(accumulated ADC /

numbers of hits)

ES
o

e

20

40

Reconstructed cluster position (mm)



